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(54) Recording medium and information recording apparatus 



(57) A recording medium and an information stor- 
age apparatus having high formatting efficiency are pro- 
vided. The recording medium and the information 
storage apparatus give IDs (102,104) for data to be 
stored. In one embodiment, one ID is provided for two 
data areas (1 03,1 05), and no two IDs are situated in line 
with each other on two adjacent tracks. 
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Description 

BACKGROUND OF THE INVENTION 

1 . Reld of the Invention 

[0001] The present invention generally relates to 
recording media and information storage apparatuses, 
and, more particularly, to a recording medium and an 
information storage apparatus which allocate an ID to 
each piece of data and store information. 
[0002] In recent years, there has been an increas- 
ing demand for larger capacity information storage 
apparatuses, as the amount of information in the field of 
information processing has been increasing rapidly. In a 
recording medium, such as a magneto-optical disk, 
used in an information storage apparatus, information is 
recorded based on IDs. Because of this ID-based 
recording method, a larger recording capacity at higher 
recording density requires a larger number of IDs, 
resulting in poor formatting efficiency. 
[0003] In a magneto-optical disk, headers including 
IDs are formed by pits. A disk substrate is produced by 
an injection molding method using a base plate. On the 
base plate, the pits are already formed by a photo 
processing technique. On the disk substrate, a record- 
ing layer and a protection layer are formed to produce 
the magneto-optical disk. Thus, the pit size is deter- 
mined by the wavelength of the laser beam. 
[0004] In the magneto-optical disk, the mark size is 
reduced by the MSR (Magnetically induced Super Res- 
olution) technology to a point where the pre-formatted 
pit size is twice or three times larger than the recorded 
mark size. As a result, the existence of the pits hinders 
the improvement in recording density. 

2. Description of the Related Art 

[0005] FIG. 1 shows an example format of a con- 
ventional magneto-optical disk. 
[0006] A magneto-optical disk 1 of the prior art is 
rotated at a constant rotational speed. The relative 
speed between a light beam and the magneto-optical 
disk 1 on the inner peripheral side of the magneto-opti- 
cal disk 1 is different from that on the outer peripheral 
side of the magneto-optical disk 1 . Therefore, the mag- 
neto-optical disk 1 is divided into four zones Z1 to Z4. 
The innermost zone Z1 has the lowest recording fre- 
quency among the four zones Z1 to Z4, and the outer- 
most zone Z4 has the highest recording frequency. This 
setting of recording frequencies is called a ZCAV (Zone 
Constant Angular Velocity) method, which is used to 
improve recording capacity. 

[0007] In the magneto-optical disk 1 , a header area 
2 is formed in every sector having a predetermined 
length. A light beam is positioned to a target sector in 
accordance with address (ID) information recorded in 
advance on the corresponding header area 2 with a pit 



A data area 3 in which information is to be stored is 
formed between every two header areas 2. 
[0008] FIG. 2 shows the data structure of an exam- 
ple data track of the conventional magneto-optical disk. 

5 [0009] The data track is made up of a plurality of 
data sectors 4. Each of the data sectors 4 includes a 
header 5 and a data field 6. An address for identifying 
each data field 6 is stored in each corresponding header 
5, and information is stored in each data field 6. 

w [0010] A buffer 7 is disposed between every two 
data sectors 4. A gap B is formed between a header 5 
and a data field 6. In each of the zones Z1 to Z4, the 
headers 5 of two adjacent tracks are situated next to 
each other. The data fields 6 of two adjacent tracks in 

is the same zone are also situated next to each other. 
[001 1 ] FIG. 3 shows the data structure of an exam- 
ple header of the conventional magneto-optical disk. 
[0012] Each of the headers 5 comprises a sector 
mark 9, a first VFO (Variable Frequency Oscillator) syn- 

20 chronizing area 10, an address mark 11, a first track 
address 12, a first sector address 13, a first error cor- 
recting code 14, a second VFO synchronizing area 15, 
an address mark 1 6, a second track address 1 7, a sec- 
ond sector address 18, a second error correcting code 

25 1 9, and a postamble 20. 

[0013] The sector mark 9 represents the start of a 
data sector 4. The first VFO synchronizing area 10 initi- 
ates VFO synchronization for reading the first track 
address 12 and the first sector address 13. The first 

30 address mark 1 1 represents the start of the first track 
address 12 and the first sector address 13. The first 
track address 12 represents the track address of 
scanned data. The first sector address 13 represents 
the sector address of the scanned data. The first error 

35 correcting code 1 4 is used to correct an error in the first 
track address 12 and the first sector address 13. 
[0014] The second VFO synchronizing area 15 initi- 
ates VFO synchronization for reading the second track 
address 1 7 and the second sector address 1 8. The sec- 

40 ond address mark 1 6 represents the start of the track 
address 1 7 and the second sector address 1 8. The sec- 
ond track address 17 represents the track address of 
scanned data Trie second sector address 18 repre- 
sents the sector address of the scanned data. The sec- 

45 ond error correcting code 1 9 is used to correct an error 
in the second track address 17 and the second sector 
address 1 8. The postamble 20 represents the end of the 
header 5. 

[0015] The position of a light beam is determined 
so from either the combination of the first track address 1 2 
and the first sector address 1 3 or the combination of the 
second track address 1 7 and the second sector address 
18. 

[001 6] FIG . 4 shows the data structure of an exam- 
55 pie data field of the conventional magneto-optical disk. 
[0017] The data field 6 comprises a third VFO syn- 
chronizing field 21, a synchronizing signal field 22, a 
data storage field 23, an error correcting code field 24, 
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and a postamble field 25. 

[0018] The third VFO synchronizing area 21 initi- 
ates VFO synchronization for recording and reproduc- 
ing data The synchronizing signal field 22 is 
synchronizing with the data field 6, and initiates syn- 
chronization for reproducing data. The data storage 
field 23 stores data. The error correcting code field 24 is 
used to detect and correct an error in the data stored in 
the data storage field 23. The postamble field 25 is 
added to reproduce the end of the data. 
[0019] As explained above, the conventional mag- 
neto-optical disk 1 has a header 5 in each data sector 4 
to determine the position of a light beam. 
[0020] However, despite the small size of marks 
formed by the MSR technology, the headers are formed 
by pits that are twice or three times larger than the 
marks, because the pits are read out without the MSR 
technology. The pit size is restricted to the size corre- 
sponding to the wavelength of the laser beam. If the 
data density is doubled or tripled by the MSR technol- 
ogy, a large proportion of the recording area is occupied 
by the headers. As a whole, the recording density can- 
not be improved due to the large-sized pits. Further- 
more, since one header is provided for each sector in 
the conventional magneto-optical disk, the formatting 
efficiency cannot be improved. Also, stagger caused in 
land/groove tracks reduces the formatting efficiency. 

SUMMARY OF THE INVENTION 

[0021 ] A general object of the present invention is to 
provide recording media and information storage appa- 
ratuses in which the above disadvantages are elimi- 
nated. 

[0022] A more specific object of the present inven- 
tion is to provide a recording medium and an informa- 
tion storage apparatus which have higher recording 
density with higher formatting efficiency. 
[0023] The above objects of the present invention 
are achieved by a recording medium comprising: data 
sectors; and identifier portions each provided for more 
than one of the data sectors. The identifier portions are 
arranged in positions shifted from each other on adja- 
cent tracks. 

[0024] Since only one identifier portion is provided 
for more than one data sector in this recording medium, 
the formatting efficiency can be improved. Also, when 
an identifier portion is being read from a track, an iden- 
tifier portion on the adjacent tracks is not read. Thus, 
accurate data access can be achieved. Furthermore, 
since the identifier portions are shifted from each other 
on two adjacent tracks, the MSR (Magnetically induced 
Super Resolution) technique can be employed to 
reduce the mark size, and headers including the identi- 
fier portions can be formed by pits, without reducing the 
recording density. As the headers are not in line with 
each other on two adjacent tracks, the headers can be 
wider than the tracks without adverse influence on each 



other. Thus, the recording density can be improved even 
with the use of pits. 

[0025] The above objects of the present invention 
are also achieved by an information storage apparatus 

5 for making access to a recording medium which has 
data sectors, and identifier portions each provided for 
more than one data sectors, each of the identifier por- 
tions being arranged in positions shifted from each 
other on adjacent tracks. This information storage appa- 

io ratus comprises an address determination unit which 
generates addresses of the data sectors based on the 
identifier portions, and determines whether a desired 
data sector is reached in accordance with the 
addresses. 

is [0026] Since only one identifier portion is provided 
for more than one data sector in this information storage 
apparatus, the formatting efficiency can be improved. 
Also, when an identifier portion is being read from a 
track, an identifier portion on the adjacent tracks is not 

20 read. Thus, accurate data access can be achieved. 
[0027] The above and other objects and features of 
the present invention will become more apparent from 
the following description taken in conjunction with the 
accompanying drawings. 

25 

RRIEF DESCRIPTION O F THE DRAWINGS 
[0028] 

30 FIG. 1 shows an example disk format of a conven- 
tional magneto-optical disk; 
FIG. 2 shows the structure of an example data area 
of the conventional magneto-optical disk; 
FIG. 3 shows the structure of an example header of 

35 the conventional magneto-optical disk; 

FIG. 4 shows the structure of an example data field 
of the conventional magneto-optical disk; 
FIG. 5 shows a format of a first embodiment of a 
recording medium in accordance with the present 

40 invention; 

FIG. 6 shows a format of a data area of the first 
embodiment of the recording medium in accord- 
ance with the present invention; 
FIG. 7 shows an example of address setting for 

45 data fields in the first embodiment of the recording 
medium in accordance with the present invention; 
FIG. 8 shows another example of address setting 
for the data fields in the first embodiment of the 
recording medium in accordance with the present 

so invention; 

FIG. 9 shows a format of a data area in a second 
embodiment of the recording medium in accord- 
ance with the present invention; 
FIGS. 10A and 10B show the data structure of a 

55 sector mark in the second embodiment of the 
recording medium in accordance with the present 
invention; 

FIG. 1 1 shows a format of a data area in a third 
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embodiment of the recording medium in accord- 
ance with the present invention; 
FIG. 12 shows a format of a data area in a fourth 
embodiment of the recording medium in accord- 
ance with the present invention; s 
FIG. 13 shows the relationship between a Tight 
beam and sector marks in the fourth embodiment of 
the recording medium in accordance with the 
present invention; 

FIG. 14 is a block diagram of one embodiment of an io 
information storage apparatus in accordance with 
the present invention; 

FIG. 15 is a block diagram of a servo error detecting 
circuit of the information storage apparatus in 
accordance with the present invention; is 
FIG. 16 is a block diagram of an ODC of the infor- 
mation storage apparatus in accordance with the 
present invention; 

FIG. 17 is a block diagram of a byte counter of the 
information storage apparatus in accordance with 20 
the present invention; 

FIG. 18 shows the procedures for generating an 
event in the information storage apparatus in 
accordance with the present invention; 
FIGS. 1 9A to 1 9F show an ID readout operation at 25 
a time of land track access in the information stor- 
age apparatus in accordance with the present 
invention; 

FIG. 20 is an equivalent circuit for generating a sec- 
tor mark detecting window of the information stor- 30 
age apparatus in accordance with the present 
invention; 

FIG. 21 A to 21 F show a process for generating a 
compound sector mark in the information storage 
apparatus in accordance with the present invention; 35 
FIG. 22 is an equivalent circuit for generating a 
compound sector mark in the information storage 
apparatus in accordance with the present invention; 
FIG. 23 is an equivalent circuit for correcting a sec- 
tor mark detection pulse in the information storage 40 
apparatus in accordance with the present invention; 
FIG. 24 is an equivalent circuit of a gate pulse gen- 
erator of the information storage apparatus in 
accordance with the present invention; 
FIG. 25A to 25M illustrate an operation of the gate 45 
pulse generator of the information storage appara- 
tus in accordance with the present invention; 
FIG. 26A to 26D illustrate a read/write start timing 
operation in a data area of the information storage 
apparatus in accordance with the present invention; so 
FIG. 27A to 27C illustrate the state of a servo error 
detection sensitivity of the information storage 
apparatus in accordance with the present invention; 
FIG. 28 shows a format in a fifth embodiment of the 
recording medium in accordance with the present 55 
invention; and 

FIG. 29 shows a format in a sixth embodiment of 
the recording medium in accordance with the 



present invention. 

DESCRIPTION OF THE PREFERRED EMBODI- 
MENTS 

[0029] The following is a description of embodi- 
ments of the present invention, with reference to the 
accompanying drawings. 

[0030] FIG. 5 shows a format in a first embodiment 
of a recording medium in accordance with the present 
invention. In this figure, the same components as in 
FIG. 1 are denoted by the same reference numerals. 
[0031] !n a magneto-optical disk 1 00 of this embod- 
iment, data areas 101 and headers 102 have different 
formats from the data areas 3 and the headers 5. 
[0032] FIG. 6 shows a format of a data area in the 
first embodiment of the recording medium. It should be 
understood that FIG. 6 does not show the actual physi- 
cal positions of headers and data fields. 
[0033] In the magneto-optical disk 100 of this 
embodiment, tracks Tr1 to Trn adjacent to one another 
are defined by grooves. The tracks Tr1, Tr3, ...are the 
grooves etched in the substrate of the magneto-optical 
disk 1 00. On each of the tracks Trl , Tr3, one header 
1 02 is followed by two data fields 1 03-1 and 1 03-2. 
[0034] The tracks Tr2, Tr4 ( ... are formed in lands 
between the grooves formed on the substrate of the 
magneto-optical disk 100. On each of the tracks Tr2, 
Tr4, one header 104 is followed by two data fields 
105-1 and 105-2. 

[0035] The headers 102 of the tracks Trl, Tr3, ... 
formed in the grooves are aligned in the radial direction 
of the magneto-optical disk 100 (i.e., in the direction of 
an arrow A). The headers 104 of the tracks Tr2, Tr4, ... 
formed in the lands are also aligned in the radial direc- 
tion of the magneto-optical disk 1 00 (i.e., in the direction 
of the arrow A). 

[0036] The data fields 103-1 of the tracks Tr1, Tr3, 
... formed in the grooves and the data fields 105-2 of the 
tracks Tr2, Tr4, ... formed in the lands are aligned in the 
radial direction of the magneto-optical disk 100 (i.e., in 
the direction of the arrow A). The data fields 1 03-2 of the 
tracks Tii , Tr3, ... formed in the grooves and the data 
fields 1 05-1 of the tracks Tr2, Tr4, ... formed in the lands 
are also aligned in the radial direction of the magneto- 
optical disk 100 (i.e., in the direction of the arrow A). 
[0037] While the headers 1 02 of the tracks Trl , Tr3, 
... are scanned, for instance, the headers 104 of the 
adjacent tracks Tr2, Tr4, ... are never simultaneously 
scanned. Thus, wrong ID detection can be prevented. 
Especially when a high-density recording technique, 
such as the MSR (Magnetic Super Resolution) tech- 
nique, is employed, the adjacent headers never overlap 
with each other, because marks are smaller than pits. 
Thus, the track density can be improved. Furthermore, 
each two data fields require only one header, for 
instance, each header 1 02 for each two data fields 1 03- 
1 and 103-2, and each header 104 for each two data 
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fields 1 05-1 and 105-2. In this arrangement, the number 
of headers formed on the magneto-optical disk 100 can 
be reduced. Thus, the formatting efficiency on the mag- 
neto-optical disk 100 can be improved. 
[0038] The structure of each header 102 is the 
same as the header 5 shown in FIG. 3. Likewise, the 
structure of each of the data fields 1 03-1 p 1 03-2, 1 05-1 , 
and 1 05-2 is the same as the data field 6 shown in FIG. 
4. 

[0039] Since only one header is set for each two 
data fields, it is necessary to generate two addresses 
from an address obtained from each header. 
[0040] FIG. 7 shows an example of address setting 
for the data fields in the first embodiment of the record- 
ing medium in accordance with the present invention. In 
this figure, more specific reference numerals 102a, 
1 02b, 1 02c, ... are allocated to the headers 1 02, and ref- 
erence numerals 103-1 a and 103-2a, 103-1b and 103- 
2b, ... are allocated to the data fields 103-1 and 103-2. 
[0041] As shown in FIG. 7, the address of the 
header 1 02a on the track Tr1 is "N", the address of the 
data field 1 03-1 a is '1ST, and the address of the data field 
1 03-2a is "N+1 ". The address of the next header 102b is 
"N+2", the address of the data field 1 03-1 b is "N+2", and 
the address of the data field 103-2b is "N43\ The 
addresses of the data fields 103-2a and 103-2b are 
determined by adding "1" to the addresses "N" and 
"N+2" of the headers 102a and 102b, respectively, in 
accordance with a passing signal of one sector. 
[0042] In the above manner, addresses can be con- 
tinuously allocated to all the data fields. It should be 
understood that the above manner of address setting 
can be applied to the headers 104 and the data fields 
105-1 and 105-2. 

[0043] In this embodiment, even if the marks on the 
magneto-optical disk are formed by the MSR technique 
so as to dramatically reduce the Widths of the marks, 
the headers 102 and 104 formed by pits never overlap 
with each other. Accordingly, the headers 102 and 104 
wider than the respective tracks never have adverse 
effects on each other. Thus, the recording density can 
be dramatically increased. 

[0044] Although the headers 102 and 104 are 
formed on lands and grooves, they can be formed on 
lands only. The formation of the headers 102 and 104 is 
not limited to the above examples, but other techniques 
can be employed to form the headers 102 and 104. 
[0045] In the example shown in FIG. 7, the 
addresses of the headers 102 are not consecutive. 
However, it is also possible to allocate consecutive 
addresses to the headers 102. In such a case, the 
addresses of the data fields 1 03-1 and 1 03-2 are deter- 
mined in compliance with the addresses of the headers 
102. 

[0046] FIG. 8 shows another example of address 
setting for the data fields in the first embodiment of the 
recording medium in accordance with the present inven- 
tion. In this figure, the same reference numerals as in 



FIG. 7 are allocated to the headers 102 and the data 
fields 103-1 and 103-2. 

[0047] As shown in FIG. 8, the address of the 
header 1 02a is "NT, and the address of the next header 

5 1 02b is "N+1 ". The address of the data field 1 03-1 a that 
immediately follows the header 102a is "2N\ and the 
address of the data field 103-2a that follows the data 
field 103-1 a is "2N+1". The address of the data field 
103-1b that immediately follows the header 102b is 

w "2(N+1 )', and the address of the data field 1 03-2b that 
follows the data field 103-1b is "2(N+1)+r. 
[0048] In this modification, consecutive addresses 
can be allocated to the headers 1 02. It should be under- 
stood that the above manner of address setting can be 

15 applied to the headers 104 and the data fields 105-1 
and 105-2. 

[0049] I n the first embodiment, one header is set for 
each two data fields. However, it is also possible to put 
a sector mark between the data fields 1 03-1 and 1 03-2, 

20 for instance. With sector marks, the start of each sector 
can be accurately identified. Since the sector marks are 
identical and arranged in tine across the adjacent 
tracks, regardless of the addresses, they can be accu- 
rately detected even if crosstalk occurs. 

25 [0050] FIG. 9 shows a format of a data area in a 
second embodiment of the recording medium in accord- 
ance with the present invention. In this figure, the same 
components as in FIG. 6 are denoted by the same ref- 
erence numerals. 

30 [0051] A data area 1 10 of this embodiment has a 
sector mark 111 between each two data fields 1 03-1 
and 103-2, and between each two data fields 105-1 and 
105-2. The sector mark 111 is identical to the sector 
mark 9 shown in FIG. 3. 

35 [0052] FIG . 1 0A shows the data structure of a sec- 
tor mark having a first pattern, and FIG. 1 0 B shows the 
data structure of a sector mark having a second pattern. 
The first and second patterns shown in FIGS. 10A and 
10B are the •ODD BAND" and the "EVEN BAND", 

40 respectively, specified in ISO/I EC 1 5041 . 

[0053] Either of the two patterns shown in FIGS. 
1 0A and 1 0B is used for each sector mark 1 1 1 . As the 
first pattern is the "ODD BAND" specified in ISO/I EC 
15041, a sector mark 111 having the first pattern has 

45 three 6-cycJe "6T no-mark portions and three 12-cycle 
"12T mark portions alternately, and two 12-cycle "12T 
no-mark portions and two 6-cycle "6T" mark portions 
alternately, as shown in FIG. 1 0A. A bit pattern 
"0001 "+"01 " is added at the end of the first pattern. 

so [0054] The second pattern is the "EVEN BAND" 
specified in ISO/IEC 15041. A sector mark 111 having 
the second pattern has three 6-cyde "6T mark portions 
and three 12-cycle "12T no-mark portions alternately, 
and then two 12-cycle "12T mark portions and two 6- 

55 cycle "6T no-mark portions alternately, as shown in 
FIG. 10B. A bit pattern "000001" is added at the end of 
the second pattern. 

[0055] The sector marks 1 1 1 are aligned with the 
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sector marks 9 of the headers 1 02 and 1 04 on the adja- 
cent tracks in the direction of the arrow A, i.e., in the 
radial direction of the magneto-optical disk 100. The 
sector marks 1 1 1 are put between the data fields 1 03-1 
and 103-2, and between the data fields 105-1 and 105- 
2, so as to initiate synchronization to compensate win- 
dow shifts caused by disk displacement or rotation jitter. 
[0056] Although the sector marks 1 1 1 between the 
data fields 1 03-1 and 1 03-2 and between the data fields 
105-1 and 105-2 are identical to the sector marks 9 in 
the headers 102 and 104 in this embodiment, the sector 
marks 111 may have different patterns from the sector 
marks 9. Also, the sector marks 1 1 1 are situated in line 
with the sector marks 9 of the adjacent headers 1 02 and 
104. However, the sector marks 111 may be slightly 
deviated from the line of the sector marks 9 of the head- 
ers 102 and 104, so that the sector marks 1 1 1 do not 
overlap with the headers 102 and 1 04 in the radial direc- 
tion. In this arrangement, the pits forming the headers 
1 02 and 1 04 and the sector marks 1 1 1 can expand into 
the adjacent tracks. Thus, the track pitch can be made 
narrower than the diameter of a laser beam for forming 
the pits. 

[0057] FIG. 1 1 shows a format of a data area in a 
third embodiment of the recording medium in accord- 
ance with the present invention. In this figure, the same 
components as in FIG. 9 are denoted by the same ref- 
erence numerals. 

[0058] A data area 120 of this embodiment has a 
sector mark 1 23 in each header 1 21 , a sector mark 1 24 
in each header 122, a sector mark 125 between each 
two data fields 1 03-1 and 1 03-2, and a sector mark 1 26 
between each two data fields 105-1 and 105-2. Each of 
the sector marks 123 and 126 has the first pattern 
shown in FIG. 10A, while each of the sector marks 124 
and 125 has the second pattern shown in FIG. 10B. 
[0059] As each of the sector marks 1 23 has the first 
pattern while each of the sector marks 124 has the sec- 
ond pattern in this embodiment, the sector marks can 
be distinguished between sectors having IDs and sec- 
tors having no IDs, and the sectors having IDs can be 
identified from the land and groove arrangements. 
[0060] The sector marks are formed both in the 
lands and the grooves in this embodiment In a 
land/groove medium having a track pitch smaller than 
the diameter of a beam, however, it is possible to form 
the sector marks either in the lands or the grooves and 
detect the sector marks both in the lands and the 
grooves from crosstalk. 

[0061] FIG. 12 shows a format of a data area in a 
fourth embodiment of the recording medium in accord- 
ance with the present invention. In this figure, the same 
components as in FIG. 1 1 are denoted by the same ref- 
erence numerals. 

[0062] A data area 1 30 of this embodiment does not 
have the sector marks 124 and 126 of the third embod- 
iment on the tracks Tr2 and Tr4. The sector marks 123 
are of course detected at a time of groove track scan- 



ning. In this embodiment, the sector marks 123 are also 
detected by means of crosstalk at a time of land track 
scanning. 

[0063] FIG . 1 3 shows the size relationship between 
5 a light beam and sector marks of the fourth embodiment 
of the recording medium in accordance with the present 
invention. 

[0064] In FIG. 13, sector marks are formed on the 
groove tracks Tr1 and Tr3, and no sector marks are 

w formed on the land tracks Tr2 and Tr4. When a laser 
beam L scans the land track Tr2, the land track Tr2 
comes in the center of the laser beam L, as shown in 
FIG. 13. Although no sector marks are formed on the 
land track Tr2, the laser beam L that is larger than the 

15 track pitch scans parts of the sector marks formed on 
the two adjacent groove tracks Trl and Tr3, thereby 
detecting the sector marks by means of crosstalk. 
[0065] In accordance with this embodiment, the 
MSR (Magnetic Super Resolution) technique can be 

20 employed to reduce the mark size, and headers includ- 
ing the identifier portions can be formed by pits, without 
reducing the recording density. As the headers are not 
in line with each other on two adjacent tracks, the head- 
ers can be wider than the tracks without adverse influ- 

25 ence to each other. Thus, the recording density can be 
increased even with the large pits. 
[0066] Although a magneto-optical disk is employed 
as the recording medium in the above embodiments, 
the application of the present invention is not limited to 

30 magneto-optical disks. For instance, the above embodi- 
ments are applicable to a recording medium on which 
recording is performed by a MAM M OS technique or the 
like for forming marks narrower than the diameter of a 
laser beam. 

35 [0067] . FIG. 14 is a block diagram of one embodi- 
ment of an information storage apparatus in accordance 
with the present invention. 

[0068] A magneto-optical disk device 200 of this 
embodiment stores information in the magneto-optical 

40 disk shown in FIGS. 5 to 13. The magneto-optical disk 
device 200 comprises a magneto-optical disk 201, a 
spindle motor 202, a magnetic head 203, a magnetic 
head control circuit 204, an optical head 205, a posi- 
tioner 206, an LD control circuit 207, a head amplifier 

45 208, a read circuit 209, a servo circuit 21 0, a servo error 
detecting circuit 21 1 , and an ODC (Optical Disk Control- 
ler) 212. 

[0069] The magneto-optical disk 201 has any of the 
formats shown in FIGS. 5 to 13. The magneto-optical 

so disk 201 is rotated by the spindle motor 202 in a direc- 
tion indicated by an arrow C. The magnetic head 203 is 
placed on a surface of the magneto-optical disk 201 in 
the radial direction (in a direction indicated by an arrow 
B). The magnetic head 203 applies a magnetic field to 

55 the magneto-optical disk 201 to record and reproduce 
information thereon. 

[0070] The optical head 205 is placed on the other 
surface of the magneto-optical disk 102. The optical 



6 



11 



EP 1 067 553 A2 



12 



head 205 emits a light beam L onto the magneto-optical 
disk 201 . The optical head 205 is engaged with the posi- 
tioner 206, and can be moved by the positioner 206 in 
the radial direction of the magneto-optical disk 201 pn 
the direction indicated by the arrow B). The optical head 
205 is connected to the LD control circuit 207, and is 
driven in accordance with a signal supplied from the LD 
control circuit 207. 

[0071] The light beam L is reflected by the mag- 
neto-optical disk 201, and returned to the optical head 
205. The reflected light from the magneto-optical disk 
201 is then converted into reproduction signals which 
are supplied to the head amplifier 208. The head ampli- 
fier 208 separates a tracking error signal TES, ID and 
sector mark signals, and an information signal MO from 
the reproduction signals. The ID and sector mark sig- 
nals and the information signal MO separated by the 
head amplifier 208 are sent to the read circuit 209. The 
read circuit 209 separates the ID and sector mark sig- 
nals from the information signal MO, and demodulates 
the ID and sector mark signals as well as the informa- 
tion signal MO. 

[0072] The ID signal, the sector mark signal SM, 
and the information signal MO demodulated by the read 
circuit 209 are then sent to the ODC 21 2. In accordance 
with the ID signal and the sector mark signal SM, the 
ODC 212 determines the illumination position of the 
light beam on the magneto-optical disk 201 , and gener- 
ates a sensitivity switching signal for switching the servo 
sensitivity. The ODC 212 also sends the information sig- 
nal MO to a host computer. 

[0073] The sensitivity switching signal generated 
from the ODC 212 is supplied to the servo error detect- 
ing circuit 21 1 . In accordance with the sensitivity switch- 
ing signal, the servo error detecting circuit 21 1 controls 
the sensitivity for detecting a servo error from the track- 
ing error signal TES supplied from the head amplifier 
208. When the tracking error signal TES supplied from 
the head amplifier 208 is larger than a threshold value 
set by the sensitivity switching signal supplied from the 
ODC 212, the servo error detecting circuit 211 deter- 
mines that there is a servo error, and outputs a high- 
level signal. 

[0074] The detection result of the servo error 
detecting circuit 21 1 is supplied to the ODC 21 2 and the 
servo circuit 21 0. When the servo error detecting circuit 
211 detects a servo error, the ODC 212 stops writing 
and reading operations, and the servo circuit 210 stops 
the servomechanism. 

[0075] FIG. 15 is a block diagram of the servo error 
detecting circuit of the embodiment of the information 
storage apparatus in accordance with the present 
invention. 

[0076] The servo error detecting circuit 21 1 com- 
prises a switch 213, comparators 214 and 215, an OR 
gate 21 6, and resistors R1 to R4. The resistors R1 to R3 
are connected in series between a voltage +V and a 
voltage -V of a power source. A first threshold value is 



generated at the connection point between the resistors 
R1 and R2, and a second threshold value is generated 
at the connection point between the resistors R2 and 
R3. 

5 [0077] A series circuit made up of the switch 213 
and the resistor R4 is connected to the resistor R2 in 
parallel. The connection of the resistor R4to the resistor 
R2 is switched by switching on and off the switch 213. 
The switch 213 is connected to the ODC 212, and 

w switches the connection of the resistor R4 to the resistor 
R2 in accordance with the sensitivity switching signal 
supplied from the ODC 212. When the sensitivity 
switching signal supplied from the ODC 21 2 is high, i.e., 
when high sensitivity is required, the switch 213 is 

15 switched on to connect the resistor R4 to the resistor R2 
in parallel. When the resistor R4 and the resistor R2 are 
connected in parallel, the resistor R4 lowers the resistiv- 
ity between the resistor R1 and the resistor R3. Accord- 
ingly, the difference between the first threshold value 

20 and the second threshold value becomes smaller, and 
the sensitivity becomes higher. When the sensitivity 
switching signal supplied from the ODC 212, i.e., when 
low sensitivity is required, the switch 213 is switched off 
to leave only the resistor R2 between the resistor R1 

25 and the resistor R3. With only the resistor R2 being con- 
nected between the resistor R1 and the resistor R3, the 
resistivity between the resistor R1 and the resistor R3 
becomes higher. Accordingly, the difference between 
the first threshold value and the second threshold value 

30 becomes larger, and the sensitivity becomes lower. 
[0078] The first threshold value outputted from the 
connection point between the resistor R1 and the resis- 
tor R2 is supplied to the inverting input terminal of the 
comparator 214. The second threshold value outputted 

35 from the connection point between the resistor R2 and 
the resistor R3 is supplied to the non-inverting input ter- 
minal of the comparator 215. 

[0079] The servo error signal TES outputted from 
the head amplifier 208 is supplied to the non-inverting 

40 input terminal of the comparator 214. The comparator 
214 compares the servo error signal TES with the first 
threshold value. When the servo error signal TES is 
smaller than the first threshold value, the output of the 
comparator 21 4 is low. When the servo error signal TES 

45 is larger than the first threshold value, the output of the 
comparator 214 is high. 

[0080] The servo error signal TES outputted from 
the head amplifier 208 is also supplied to the inverting 
input terminal of the comparator 215. The comparator 

so 215 compares the servo error signal TES with the sec- 
ond threshold value. When the servo error signal TES is 
larger than the second threshold value, the output of the 
comparator 21 5 is low. When the servo error signal TES 
is smaller than the second threshold value, the output of 

55 the comparator 21 5 is high. 

[0081 ] The outputs of the comparators 21 4 and 21 5 
are supplied to the OR gate 216. The OR gate 21 6 out- 
puts the OR logic between the outputs of the compara- 
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tors 214 and 215. The output of the OR gate 216 is 
supplied as the output of the servo error detecting circuit 
21 1 to the ODC 21 2 and the servo circuit 21 0. 
[0082] The ODC 212 detects the address from a 
header on the magneto-optical disk 201 , and counts the 
number of data fields that have passed. In accordance 
with the detected address from the header and the 
number of data fields that have passed, the ODC 212 
identifies the address of a data field without a header, 
and then reads or writes. For instance, the ODC 212 
adds the number of data fields that have passed to the 
detected address so as to determine the address of the 
data field without a header. 

[0083] FIG. 1 6 is a block diagram of the ODC of the 
embodiment of the information storage apparatus in 
accordance with the present invention. 
[0084] The ODC 212 comprises a sector mark 
detector 21 7, an ID detector 21 8, a byte counter 21 9, an 
address counter 220, comparators 221 , 222, and 223, a 
gate pulse generator 224, a controller 225, and regis- 
ters 226 and 227. 

[0085] The sector mark detector 21 7 detects a sec- 
tor mark signal SM supplied from the read circuit 209, 
and sends a sector mark synchronizing signal in syn- 
chronization with the sector mark signal SM to the byte 
counter 21 9. The ID detector 21 8 detects an ID address 
from the ID signal supplied from the read circuit 209, 
and sends the ID address to the comparator 221. The 
ID detector 21 8 also sends an ID synchronizing signal in 
synchronization with the ID signal to the byte counter 

21 9. When the ID address is not detected, the ID detec- 
tor 218 sends an ID detection failure notification to the 
gate pulse generator 224. 

[0086] The byte counter 219 counts in accordance 
with a synchronizing event, and outputs a signal corre- 
sponding to the selected synchronizing event. More 
specifically, the byte counter 21 9 counts the sector mark 
synchronizing signal supplied from the sector mark 
detector 217 and the ID synchronizing signal supplied 
from the ID detector 218 as synchronizing events. In 
accordance with the count result, the byte counter 219 
supplies a sector mark detecting window to the sector 
mark detector217, and an ID detecting window to the ID 
detector 21 8. 

[0087] The byte counter 21 9 also detects each sec- 
tor that has passed, based on the count result A 1 -sec- 
tor pass notification is supplied to the address counter 
220 every time one sector passes. The address counter 
220 counts the 1 -sector pass notifications supplied from 
the byte counter 219, and generates an extrapolated 
address from the ID address of a sector without an ID 
address. The extrapolated address generated by the 
address counter 220 is supplied to the comparators 
221,22, and 223. 

[0088] The comparator 221 compares the ID 
address supplied from the ID detector 218 with the 
extrapolated address supplied from the address counter 

220, and outputs a signal in accordance with the com- 



parison result When the ID address is not identical with 
the extrapolated address, the output signal of the com- 
parator 221 is high. When the ID address is identical 
with the extrapolated address, the output signal of the 

s comparator 221 is low. The output signal of the compa- 
rator 221 is supplied to the gate pulse generator 224. 
[0089] The comparator 222 compares the extrapo- 
lated address supplied from the address counter 220 
with a process start sector address stored in the register 

w 226, and outputs a signal in accordance with the com- 
parison result When the extrapolated address supplied 
from the address counter 220 is identical with the proc- 
ess start sector address supplied from the register 226, 
the output signal of the comparator 222 is high. When 

75 the extrapolated address supplied from the address 
counter 220 is not identical with the process start sector 
address supplied from the register 226, the output sig- 
nal of the comparator 222 is low. The output signal of 
the comparator 222 is supplied to the gate pulse gener- 

20 ator 224. In accordance with the output signal, the gate 
pulse generator 224 detects a process start position. 
[0090] The comparator 223 compares the extrapo- 
lated address supplied from the address counter 220 
with a process end sector address stored in the register 

25 227, and outputs a signal in accordance with the com- 
parison result When the extrapolated address supplied 
from the address counter 220 is identical with the proc- 
ess end sector address supplied from the register 227, 
the output signal of the comparator 223 is high. When 

ao the extrapolated address supplied from the address 
counter 220 is not identical with the process end sector 
address supplied from the register 227, the output sig- 
nal of the comparator 223 is low. The output signal of 
the comparator 223 is supplied to the gate pulse gener- 

35 ator 224. In accordance with the output signal, the gate 
pulse generator 224 detects a process end position. 
[0091 ] The register 226 is connected to the control- 
ler 225. The controller 225 supplies the process start 
address to the register 226. The register 227 is also 

40 connected to the controller 225. The controller 225 sup- 
plies the process end address to the register 227. 
[0092] The gate pulse generator 224 generates a 
write gate pulse, a read gate pulse, and a servo sensi- 
tivity switching signal, based on the count value sup- 

45 plied from the byte counter 219, and on the process 
start address and the process end address supplied 
from the comparators 222 and 223, respectively. If the 
ID detection failure notification is supplied from the ID 
detector 218 to the gate pulse generator 224, the gate 

so pulse generator 224 stops the gate pulse generating 
operation. 

[0093] FIG. 1 7 is a block diagram of the byte coun- 
ter of the embodiment of the information storage appa- 
ratus in accordance with the present invention. 
55 [0094] The byte counter 219 comprises registers 
228 and 229, a multiplexer 230, an OR gate 231, a 
counter 232, and comparators 233-1 to 233-n. 
[0095] The register 228 holds synchronizing values 
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as timing values for generating synchronizing events. 
The synchronizing values stored in the register 228 are 
supplied to the multiplexer 230. The multiplexer 230 
receives a synchronizing event as well as the synchro- 
nizing values from the register 228. The synchronizing 5 
event is a signal which is high when the read gate pulse, 
the write gate pulse, or the servo sensitivity pulse 
switching signal is generated, and which is low when the 
pulse generating operation is stopped. 
[0096] The multiplexer 230 selects a desired syn- 10 
chronizing value from the register 228 in accordance . 
with the supplied synchronizing event, and sends the 
selected synchronizing value to the counter 232. The 
synchronizing event is also supplied to the OR gate 231 , 
which generates the OR logic of the synchronizing 15 
event The output of the OR gate 231 is supplied to the 
counter 232. The counter 232 starts counting from the 
synchronizing value selected by the multiplexer 230. 
The count value of the counter 232 is supplied to the 
comparators 233-1 to 233-n. 20 
[0097] Each of the comparator 233-1 to 233-n 
receives the count value from the counter 232 and a tim- 
ing value from the register 229. The timing values, each 
of which represents the count value for generating each 
synchronizing event, are stored in the register 229 in 25 
advance. 

[0098] Each of the comparators 233-1 to 233-n 
compares the count value from the counter 232 with the 
timing value from the register 229, and outputs a signal 
in accordance with the comparison result. When the 30 
count value from the counter 232 is identical with the 
timing value from the register 229, the output signal of 
each of the comparators 233-1 to 233-n is high. When 
the count value from the counter 232 is not identical with 
the timing value from the register 229, the output signal 35 
of each of the comparators 233-1 to 233-n is low. 
[0099] In the above manner, each of the compara- 
tors 233-1 to 233-n outputs a signal that is high when an 
event should be generated. The outputs of the compa- 
rators 233-1 to 233-n are supplied to the sector mark 40 
detector 217, the ID detector 218, the address counter 
220, and the gate pulse generator 224. 
[01 00] FIG. 1 8 shows the procedures for generating 
an event in the embodiment of the information storage 
apparatus in accordance with the present invention. The 45 
event explained with reference to FIG. 1 8 is an informa- 
tion read event 

[0101] First, as the light beam reaches a position in 
which a sector mark is recorded, the ODC 212 opens 
the sector mark detecting window in step S1 -1 . With the so 
sector mark detecting window being open, the sector 
mark becomes detectable. If the sector mark signal is in 
synchronization with the sector mark detecting window 
here, the sector mark can be read in step S1 -2. The 
sector mark detecting window is then closed in step S1 - ss 
3. Here, the period of the sector mark detecting window 
is longer than the period of the sector mark. For 
instance, if the period of the sector mark is 5 bytes, the 



period of the sector mark detecting window is 8 bytes, 
being expanded by 3 bytes before and after the sector 
mark. Thus, the servo mark is situated within the servo 
mark detecting window, and accurate detection of the 
sector mark is ensured. 

[0102] After the sector mark detecting window is 
closed in the step S1-3, the ID detecting window is 
opened in step S1-4. With the ID detecting window 
being open, an ID becomes detectable. If the ID signal 
is in synchronization with the ID detecting window here, 
the ID can be read in step S1-5. The justification of the 
ID detection is determined by a CRC (cyclic redundancy 
check) attached to each ID. If the ID is detected and the 
CRC attached to the ID is determined to be normal, the 
ID detecting window is closed in step S1-6. Here, the 
period of the ID detecting window is longer than the 
period of ID. 

[0103] After the ID detecting window is closed, 
whether the detected ID belongs to a land or a groove is 
determined in step S1-7. 

[0104] Next, the servo error detection sensitivity is 
increased in step 1-8, and a read gate is opened in step 
S1-9. A synchronizing signal detecting window is then 
opened, and a synchronizing signal becomes detecta- 
ble in step S1-10. If the synchronizing signal is in syn- 
chronization with the synchronizing signal detecting 
window, the synchronizing signal is read out in step S1 - 
1 1 . The synchronizing signal detecting window is then 
closed in step S1-12. Here, the period of the synchro- 
nizing signal detecting window is longer than the period 
of the synchronizing signal. 

[01 05] After the synchronizing signal detecting win- 
dow is closed, data is read out in step S1-13. After the 
data is read out, the read gate is closed in step St -14. 
The servo error detection sensitivity is then reduced, 
and the servo is stabilized in step S1 -15. Here, the read 
gate open period is longer than the period of the read 
data. Thus, the data of one sector has been read, and 
the light beam has passed the sector in the S1 -1 6. 
[01 06] When writing information, instead of reading 
it, the write gate is opened in the step S1-9, and is 
closed in the step S1-14. The synchronizing signal 
detection of the steps S1-10 to S1-12 is skipped. The 
write gate open period is also longer than the period of 
the written data. 

[0107] In the above manner, read and write cycles 
are performed on the tracks Trl , Tr2, Tr3, Tr4, ... 
[0108] In this embodiment, there are data areas 
with no header. Therefore, it is necessary to prevent the 
ID read gate from being switched on in those data 
areas. 

[0109] FIGS. 19A to 19F show an operation of the 
ODC in the embodiment of the information storage 
apparatus in accordance with the present invention. 
FIG. 19A shows the data format of a land, FIG. 19B 
shows the data format of a groove, FIG. 19C shows a 
land sector mark detection pulse, FIG. 19D shows a 
groove sector mark detection pulse, FIG. 19E shows a 
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sector mark detecting window, and FIG. 19F shows an 
ID read gate. 

[0110] The magneto-optical disk 201 used in this 
embodiment has lands formatted as shown in FIG. 19A, 
and grooves formatted as shown in FIG. 19B. In the s 
magneto-optical disk 201, each land track is in very 
close proximity with each adjacent groove track. 
Because of this, when scanning a land track, a groove 
ID might be wrongly read out This embodiment is to 
prevent such an error. 1i 
[0111] When searching for a sector mark on the 
land track shown in RG. 19A, sector marks detected 
from the groove track shown in FIG. 19B should be 
ignored. Therefore, when the sector mark detection is 
started as shown in FIG. 1 9E, the sector mark detection 15 
pulse on the groove track shown in FIG. 19D is ignored. 
When a sector mark on the land track is detected as 
shown in FIG. 19C, the sector mark detecting window is 
closed as shown in FIG. 19E, and the ID read gate is 
opened as shown in FIG. 1 9F. Since the ID read gate is 20 
opened only when the sector mark in a header on the 
land track is detected, the ID read gate is never wrongly 
opened when the sector mark in a header on the groove 
track is detected. Thus, reading the ID on the groove 
track shown in FIG. 19B due to crosstalk can be pre- 25 
vented. 

[0112] FIG. 20 is an equivalent circuit of an opera- 
tion of the ODC of the information storage apparatus in 
accordance with the present invention. The processes 
shown in FIGS. 19A to 1 9F are realized by the equ'rva- 30 
lent circuit of FIG. 20. 

[0113] As shown in FIG. 20, the equivalent circuit 
comprises AND gates 234 and 235, a NOT circuit 236, 
an OR gate 237, and a sector mark detecting window 
output part 238. 35 
[0114] The AND gate 234 receives a land sector 
mark detection pulse from the sector mark detector 21 7 
and a land tracking signal from the controller 225. The 
AND gate 234 then determines the AND logic between 
the land sector mark detection pulse and the land track- 40 
ing signal. The AND gate 235 receives a groove sector 
mark detection putse from the sector mark detector 21 7 
and the land tracking signal inverted by the NOT circuit 
236. The AND gate 235 then determines the AND logic 
between the groove sector mark detection pulse and 45 
the inverted land tracking signal. 
[0115] The outputs of the AND gates 234 and 235 
are supplied to the OR gate 237, which determines the 
OR logic between the output of the AND gate 234 and 
the output of the AND gate 235. The output of the OR so 
gate 237 is supplied to the sector mark detecting win- 
dow output part 238. In accordance with the signal sup- 
plied from the OR gate 237, the sector mark detecting 
window output part 238 closes the sector mark detect- 
ing window. Meanwhile, the sector mark detecting win- 55 
dow output part 238 receives a sector mark search start 
putse generated as an event inside the byte counter 
219. In accordance with the sector mark search start 



pulse, the sector mark detecting window output part 238 
opens the sector mark detecting window. In accordance 
with the signal supplied from the OR gate 237, the sec- 
tor mark detecting window output part 238 closes the 
sector mark detecting window. The sector mark detect- 
ing window outputted from the sector mark detecting 
window output part 238 is supplied to the sector mark 
detector 217. In accordance with the sector mark 
detecting window supplied from the sector mark detect- 
ing window output part 238, the sector mark detector 
217 controls the sector mark detection. Also, in accord- 
ance with the sector mark detecting window supplied 
from the sector mark detecting window output part 238, 
the timing of the ID detecting window is controlled as 
shown in FIG. 19F. 

[0116] In the above manner, detecting a groove 
track ID due to crosstalk at a time of land track scanning 
can be prevented. 

[01 1 7] Since only one ID is set for two sectors in the 
magneto-optical disk 201 of this embodiment, a sector 
mark should be detected both in a data area on the land 
and a corresponding data area on the groove. The sec- 
tor marks detected from both data areas are then com- 
pounded into a compound sector mark. By counting the 
compound sector marks, a one sector passing pulse is 
generated. Thus, accurate counting of the sectors can 
be performed. 

[0118] FIGS. 21 A to 21 F illustrate a process for 
generating one sector passing pulse in the information 
storage apparatus of the present invention. More specif- 
ically, FIG. 21 A shows a format of a land track, FIG. 21 B 
shows a format of a groove track, FIG. 21 C shows a 
land ID read gate, FIG. 21 D shows a land sector mark 
detecting pulse, FIG. 21 E shows a groove sector mark 
detection pulse, and FIG. 21 F shows a compound sec- 
tor mark detection pulse. 

[0119] A land sector mark is first detected in a 
header in the land format shown in FIG. 21 A. The land 
sector mark detection pulse shown in FIG. 21 D is then 
generated. Also, a groove sector mark is detected in a 
header in the groove format shown in FIG. 21 B, and the 
groove sector mark detection pulse shown in FIG. 21 E 
is then generated. 

[0120] The land mark detection pulse shown in FIG. 
21 D and the groove sector mark detection pulse shown 
in RG. 21 E are compounded into the compound sector 
mark detection pulse shown in FIG. 21 F. 
[0121] FIG. 22 is an equivalent circuit for generating 
a compound sector mark in the information storage 
apparatus of the present invention. 
[01 22] The sector mark compounding circuit shown 
in FIG. 22 comprises AND gates 239 and 240, a NOT 
circuit 241, and an OR gate 242. The AND gate 239 
receives the land sector mark detection pulse from the 
sector mark detector 217 and the ID detecting window 
generated from the byte counter 219. The AND gate 
239 then determines the AND logic between the land 
sector mark detection pulse and the ID detecting win- 
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dow. The output of the AND gate 239 is shown in FIG. 
21 D. 

[0123] The AND gate 240 receives the groove sec- 
tor mark detection pulse from the sector mark detector 
21 7 and the ID detecting window generated from the 
byte counter 219. The AND gate 240 then determines 
the AND logic between the groove sector mark detec- 
tion pulse and the ID detecting window. The output of 
the AND gate 240 is shown in FIG. 21 E. 
[0124] The outputs of the AND gates 239 and 240 
are supplied to the OR gate 242. The OR gate 242 out- 
puts the OR logic between the output of the AND gate 
23S and the output of the AND gate 240. The output of 
the OR gate 242 is shown in FIG. 21 F. 
[0125] In the above manner, a pulse is outputted in 
every data area, i.e., in every sector. The pulse is then 
supplied as the one sector passing pulse to the address 
counter 220. 

[01 26] In a case where the sector marks formed on 
groove tracks are shared with land tracks, as shown in 
FIG. 13, the sector marks on the two groove tracks Tr1 
and Tr3 are detected with the right and left side ends of 
the light beam L, which is scanning the land track Tr2. 
Accordingly, delay is caused, compared with a case 
where a sector mark is detected with the center of the 
light beam L. In the magneto-optical disk 201 of this 
embodiment, only one ID is set for two data areas. 
Therefore, "rt is important to obtain the accurate number 
of sectors to determine the address of a data area with 
no ID. Accordingly, the pulse width of the sector mark 
detection pulse needs to be corrected. 
[0127] FIG. 23 is a block diagram of a sector mark 
detection pulse correction circuit of the information stor- 
age apparatus in accordance with the present invention. 
[0128] The sector mark detection pulse correction 
circuit 243 is connected to the output terminal of the 
sector mark compounding circuit shown in FIG. 22, for 
instance. The sector mark detection pulse correction 
circuit 243 comprises a delay circuit 244, an AND gate 
245, and an OR gate 246. 

[0129] The delay circuit 244 receives the output of 
the sector mark compounding circuit, i.e., the signal 
shown in FIG. 21 F, and delays the received signal by a 
predetermined time. The delay time is determined 
based on the delay distance T from the center end of 
the light beam L to the point where the sector mark on 
the groove track crosses the peripheral end of the light 
beam L, as shown in FIG. 13. 

[0130] The output of the delay circuit 244 is sup- 
plied to the AND gate 245. The AND gate 245 also 
receives a land tracking signal from the controller 225, 
which is high at a time of land track scanning. The AND 
gate 245 then outputs the AND logic between the output 
of the delay circuit 244 and the land tracking signal. 
Thus, the output of the delay circuit 244 can be control- 
led in accordance with the land tracking signal. 
[0131] The output of the AND gate 245 is supplied 
to the OR gate 246. The OR gate 246 also receives the 



output of the sector mark compounding circuit, i.e., the 
signal shown in FIG. 21 F. The OR gate 246 then outputs 
the OR logic between the output of the AND gate 245 
and the output of the sector mark compounding circuit 
5 [01 32] I n the above manner, the sector mark detec- 
tion pulse correction circuit 243 makes the pulse width 
of the sector mark detection pulse at the time of land 
track scanning equal to the pulse width of the sector 
mark detection pulse at the time of groove track scan- 
to ning. Thus, in the case where the sector marks on the 
groove tracks are shared with the land tracks, as shown 
in FIG. 13, accurate sector mark detection can be per- 
formed. 

[0133] FIG. 24 is a block diagram of the gate pulse 
is generator of the information storage apparatus in 
accordance with the present invention. 
[0134] The gate pulse generator 224 comprises flip- 
flops 247 to 251 , multiplexers 252 and 253, and an AND 
gate 254. 

20 [0135] Each of the flip-flops 247 to 251 has a J-K 
flip-flop function. 

[0136] In the flip-flop 248, the land sector mark 
search start pulse is supplied from the controller 225 to 
the J input terminal. The K input terminal is fixed at "0\ 
25 The land sector mark detection pulse is supplied from 
the sector mark detector 217 to the R input terminal. 
The flip-flop 248 outputs a land sector mark search 
pulse. 

[0137] In the flip-flop 249, the groove sector mark 
30 search start pulse is supplied from the controller 225 to 

the J input terminal. The K input terminal is fixed at "0". 

The groove sector mark detection pulse is supplied from 

the sector mark detector 217 to the R input terminal. 

The flip-flop 249 outputs a groove sector mark search 
35 pulse. / 

[0138] In the flip-flop 247, a land/groove identifying 
pulse is supplied from the byte counter 21 9 to the J and 
K input terminals. The output of the flip-flop 248 is sup- 
plied to the P input terminal, and the output of the flip- 
40 flop 249 is supplied to the R input terminal. The flip-flop 
247 then generates a land ID gate pulse. The land ID 
gate pulse is supplied to the multiplexers 252 and 253, 
and the AND gate 254. 

[0139] In the flip-flop 250, an ID read gate open 
45 pulse is supplied from the byte counter 219 to the J 
input terminal, and an ID read gate dose pulse is sup- 
plied from the byte counter 219 to the K input terminal. 
The flip-flop 250 then generates an ID read gate pulse 
based on the ID read gate open pulse and the ID read 
so gate close pulse supplied from the byte counter 21 9. 
[0140] The output of the flip-flop 250 is supplied to 
the AND gate 254. The AND gate 254 outputs the AND 
logic between the output of the flip-flop 247 and the out- 
put of the flip-flop 250. The flip-flop 250 outputs only the 
55 land ID read gate pulse of the ID read gate pulse. 

[0141] The multiplexer 252 receives first and sec- 
ond synchronizing signal window open pulses from the 
byte counter 219. In accordance with the land ID gate 
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pulse supplied from the flip-flop 247, the multiplexer 252 
selectively supplies either the first synchronizing signal 
window open pulse or the second synchronizing signal 
window open pulse to the flip-flop 251 . More specifically, 
when the land ID gate pulse supplied from the flip-flop 
247 is high, the multiplexer 252 selects the first synchro- 
nizing signal window open pulse, and when the land ID 
gate pulse is low, the multiplexer 252 selects the second 
synchronizing signal window open pulse. 
[0142] The multiplexer 253 receives first and sec- 
ond synchronizing signal window close pulse from the 
byte counter 219. In accordance with the land ID gate 
pulse supplied from the flip-flop 247, the multiplexer 253 
selectively supplies either the first synchronizing signal 
window close pulse or the second synchronizing signal 
window close pulse to the flip-flop 251. More specifi- 
cally, when the land ID gate pulse supplied from the flip- 
flop 247 is high, the multiplexer 253 selects the first syn- 
chronizing signal window close pulse, and when the 
land ID gate pulse is low, the multiplexer 253 selects the 
second synchronizing signal window close pulse. 
[0143] in the flip-flop 251 , the selective output of the 
multiplexer 252 is supplied to the J input terminal, while 
the selective output of the multiplexer 253 is supplied to 
the K input terminal. The flip-flop 251 then outputs a 
synchronizing signal window. When the land ID gate 
pulse is high, the synchronizing signal window becomes 
high with the first synchronizing signal window open 
pulse, and becomes low with the first synchronizing sig- 
nal window close pulse. When the land ID gate pulse is 
low, the synchronizing signal window becomes high 
with the second synchronizing signal window open 
pulse, and becomes low with the second synchronizing 
signal window close pulse. 

[0144] FIGS. 25A to 25M show an operation of the 
gate pulse generator of the information storage appara- 
tus in accordance with the present invention. More spe- 
cifically, FIG. 25A shows a track format, FIG. 25B shows 
the land sector mark search start pulse, FIG. 25C 
shows the land sector mark detection pulse, FIG. 25D 
shows the groove sector mark detection pulse, FIG. 25E 
shows the lanoVgroove identifying pulse, FIG. 25F 
shows the land ID gate, FIG. 25G shows the land ID 
read gate, FIG. 25H shows the ID read gate, FIG. 25I 
shows the first synchronizing signal window open pulse, 
FIG. 25J shows the second synchronizing signal win- 
dow open pulse, FIG. 25K shows the first synchronizing 
signal window close pulse, FIG. 25L shows the second 
synchronizing signal window close pulse, and FIG. 25M 
shows the synchronizing signal window. It should be 
noted that the reference numerals used in these figures 
indicate the same components as the reference numer- 
als used in FIG. 1 1 . 

[0145] When a read/write command is issued, the 
land sector mark search start pulse is outputted as an 
event, as shown in FIG. 25B. As the land sector mark 
search start pulse is outputted, the land ID gate is 
opened as shown in FIG. 25F. After the land ID gate is 



opened, the land sector mark 124 is supplied, and is 
then detected as shown in FIG. 25C. While the land ID 
gate is open, the land ID read gate shown in FIG. 25G 
is opened The land ID read gate is opened in the posi- 
5 tions of the conventional headers. 

[0146] Next, the land/groove identifying pulse 
shown in FIG. 25E is generated as an event, and the 
land ID gate shown in FIG. 25F is closed. 
[0147] When the second synchronizing signal win- 
to dow open pulse shown in FIG. 25J is generated as an 
event, the synchronizing signal window shown in FIG. 
25M is opened. When the second synchronizing signal 
window close pulse shown in FIG. 25L is generated as 
an event, the synchronizing signal window shown in 
15 FIG. 25M is closed. 

[0148] When the light beam L reaches the sector 
mark 126, the land ID read gate is opened as shown in 
FIG. 25G. However, the land ID gate remains closed as 
shown in FIG. 25F, and accordingly, the ID read gate 
20 also remains closed as shown in FIG. 25H. Thus, 
groove ID readout can be prevented at the time of land 
track scanning. 

[0149] In the above manner, in a sector without an 
ID, the servo window is expanded from 5 bytes to 8 
25 bytes, for instance, so as to provide a margin to hold 
servo information within the servo window. Thus, servo 
timing gaps due to irregular disk rotation or disk eccen- 
tricity can be absorbed. 

[0150] FIGS. 26A to 26D illustrate the read/write 
30 timing operation in a data area of the information stor- 
age apparatus in accordance with the present invention. 
More specifically. FIG. 26A shows a format of a track to 
be read or written, FIGS. 26B and 26D each show the 
read/write timing for the first data area 103-1 or 105-1 , 
35 and FIG. 26C shows the read/write timing for the sec- 
ond data area 103-2 or 105-2. The reference numerals 
in these figures indicate the same components as those 
in FIG. 6. 

[0151] In a case where a data read/Write operation 

40 is performed on the first data area 103-1 or 105-1 and 
the second data area 103-2 or 105-2, the data 
read/write operation is accepted when the header 102 
or 1 04 is delected, as shown in FIGS. 26B and 26C. The 
data reac/write operation on the data area having the 

45 next ID is performed when the next header 102 or 104 is 
detected. In this manner, the servo error detection sen- 
sitivity can be increased by 20 %, compared with the 
conventional servo error detection sensitivity. 
fl)1 52] FIGS. 27A to 27C illustrate the states of the 

so servo error detection sensitivity of the information stor- 
age apparatus in accordance with the present invention. 
More specifically, FIG. 27A is a format of a track to be 
scanned with the light beam L, FIG. 27B shows the 
states of the servo error detection sensitivity set by the 

55 servo error detecting circuit 211, and 27C shows the 
states of the reaoTwrite gate. 

[0153] When the light beam reaches the data area 
103-1 or 105-1 shown in FIG. 27A, the servo error 
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detection sensitivity is increased as shown in FIG. 27B. 
[0154] if the light beam drifts from the track of the 
first data area 1 03-1 to 1 05-1 to an adjacent track before 
a read/write operation is performed on the second data 
area 103-2 or 105*2, the read/write operation might be 
performed on a data area on the adjacent track. There- 
fore, the servo error detection sensitivity is increased to 
detect the servo error, so that the reaoYwrite operation in 
the wrong position can be immediately stopped. 
[0155] Although one header is set for two data 
areas in the above embodiment, it is possible to set one 
header for more than two data areas. Also, the headers 
may be arranged in different manners from the above 
embodiment. 

[0156] FIG. 28 shows a format in a fifth embodiment 
of the recording medium in accordance with the present 
invention. As shown in FIG. 28, one header is set for 
four data areas, and each header is shifted from the 
headers on the adjacent tracks. 
[0157] FIG. 29 shows a format in a sixth embodi- 
ment of the recording medium in accordance with the 
present invention. In this embodiment, a sector mark is 
placed before each data area without an ID, and the 
other arrangements are the same as in FIG. 28. 
[0158] With the recording medium or the informa- 
tion storage apparatus of this embodiment, the format- 
ting efficiency is increased from 87 % to 93 %. Since a 
sector mark is provided for each data area without an 
ID, a read/write gate deviation due to disk eccentricity or 
rotation fitter can be corrected. 
[0159] As described so far, since the ID read gate 
for reading an ID is not outputted in a data area without 
an ID, an ID on an adjacent track cannot be read when 
crosstalk occurs in the data area without an ID. Thus, 
wrong ID detection can be prevented. 
[0160] Moreover, in a land/groove medium having 
close-pitched tracks as shown in FIG. 13, the sector 
marks on the groove tracks can be detected by cross- 
talk when the light beam is scanning a land track. Thus, 
sector mark detection can be accurately performed 
without forming a sector mark on the land tracks. 
[0161] Also, in a land/groove medium, the sector 
marks on the land tracks and the sector marks on the 
groove tracks may be differentiated as the "EVEN 
BAND" and the "ODD BAND" specified in ISO/I EC 
1 5041 . By doing so, at a time of land track scanning, the 
ID read gate is opened only when a sector mark on the 
land track is detected. Thus, groove ID reading can be 
prevented at the time of land track scanning. In the case 
where the "EVEN BAND" and "ODD BAND" specified in 
ISO/IEC 15041 are employed, the sector mark detector 
is unnecessary. For instance, sector mark detection can 
be performed by a sector mark detector in a 640-Mbyte 
medium that is already on the market, and compatibility 
with the existing 640-Mvyte media can be maintained. 
[0162] The present invention is not limited to the 
specifically disclosed embodiments, but variations and 
modifications may be made without departing from the 



scope of the present invention. 
[0163] The present application is based on Japa- 
nese priority application No. 1 1-19231 1, filed on Jury 6, 
1999, the entire contents of which are hereby incorpo- 
5 rated by reference. 

Claims 

1 . A recording medium characterized by: 

10 

data sectors; and 

identifier portions each provided for more than 
one of the data sectors, 
each of the identifier portions being arranged in 
is positions shifted from the identifier portions on 

adjacent tracks. 

2. The recording medium as claimed in claim 1 , char- 
acterized in that predetermined tracks are pro- 

20 duced in the form of lands, and other tracks 
adjacent to the predetermined tracks are produced 
in the form of grooves. 

3. The recording medium as claimed in claim 1 or 2, 
25 characterized in that the identifier portions have 

addresses which are consecutive in a direction of 
the tracks. 

4. The recording medium as claimed in claim 1 or 2, 
30 characterized in that the identifier portions have 

addresses which are consecutive in a direction of 
the tracks at intervals of a constant address value. 

5. The recording medium as claimed in one of claims 
35 1 to 4, characterized in that synchronizing informa- 
tion portions for distinguishing the data sectors are 
provided between the data sectors. 

6. The recorcfing medium as claimed in claim 5, char- 
40 acterized in that the synchronizing information por- 
tions are arranged adjacent to each other on 
mutualfy adjacent tracks. 

7- The recording medium as claimed in claim 5 or 6, 
45 characterized in that the synchronizing information 
portions between sectors on adjacent tracks have 
the same pattern, and the pattern of the synchro- 
nizing information portions in the data sectors with 
the identifier portions on a track are different from 
so the pattern of the synchronizing information por- 
tions in the data sectors with no identifier portions. 

8. The recording medium as claimed in claim 6, char- 
acterized in that the synchronizing information por- 

55 tions are provided on every other track. 

9. An information storage apparatus for making 
access to a recording medium which has data sec- 



13 



25 



EP 1 067 553 A2 



tors, and identifier portions each provided for more 
than one of the data sectors, each of the identifier 
portions being arranged in positions shifted from 
each other on adjacent tracks, said information 
storage apparatus characterized by: 5 

an address determination unit which generates 
addresses of the data sectors based on the 
identifier portions, and determines whether a 
desired data sector is reached in accordance 10 
with the addresses. 

10. The information storage apparatus as claimed in 
claim 9, characterized in that the address determi- 
nation unit counts the number of data sectors, and is 
generates the addresses based on the identifier 
portions and the number of the data sectors. 

11. The information storage apparatus as claimed in 
claim 9 or 1 0, further characterized by a servo con- 
troller which changes servo error sensitivity based 
on an identifier portion closest to a desired data 
sector having no identifier portion when reao/write 
is performed on the desired data sector. 

12. The information storage apparatus as claimed in 
one of claims 9 to 11, characterized in that the 
address determination unit outputs a window signal 
having an expanded margin with respect to timing 
at which the address determination unit determines 
the address of a data sector with no identifier por- 
tion. 

13. The information storage apparatus as claimed in 
one of claims 9 to 12, characterized in that, when 
the address determination unit determines the 
address of a data sector with no identifier portion, 
data is received from a data sector which has the 
identifier portion and is located immediately before 
the sector with no identifier portion. 
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FIG.18 



START 

— SM DETECTING WINDOW OPENED (S1-1) 
j£ |* SM SYNCHRONIZATION (S1-2) 

— - SM DETECTING WINDOW CLOSED (S1-3) 

— ID DETECTING WINDOW OPENED (S1 -4) 

ID SYNCHRONIZATION (S1-5) 

ID DETECTING WINDOW CLOSED (S1 -6) 

— L/G ID SWITCHING (S1-7) 

— SERVO ERROR DETECTION SENSITIVITY 
INCREASED (S1-8) 

— - READ GATE OPENED (S1 -9) 

^ SYNCHRONIZING SIGNAL DETECTING 

WINDOW OPENED (S1-10) 

SYNCHRONIZING SIGNAL DETECTION (S1-1 1) 
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SYNCHRONIZING SIGNAL DETECTING 
WINDOW CLOSED (S1-12) 



DATA READ (S1-13) 



READ GATE CLOSED (S1-14) 

SERVO ERROR DETECTION SENSITIVITY 

REDUCED (S1-15) 

1 SECTOR PASSED (S1-16) 
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